time of the first exhibitions of computer art, few knew what a computer or a program was. Computer monitors barely existed and ordinary people did not own computers. 3 We can therefore conclude that the development of computer art in its first decade emerged within a narrow circle of specially educated professionals who had access to the first computers due to their affiliation with privileged technical and research institutions. using terminology such as "redundancy" or "entropy," which revealed his inspiration by Wiener's cybernetics. Later, he introduced the term "generative esthetics" as a designation for a combination of all operations, rules, and theorems, which, when deliberately and systematically applied to a number of material elements, should function as characteristics bearing esthetic information. 
C. First Exhibitions of Computer Art
The first exhibitions of computer art took place between 1965 and 1968. In 1968, the first phase of computer art culminated in the acclaimed exhibition Cybernetic Serendipity in London, U.K. and in the international scientific symposium connected to the exhibition Tendencies 4. Computer and Visual Research, which took place in Zagreb, Croatia (see Table 1 ). Computer-generated graphics were presented at many other exhibitions as well: Frieder Nake attests to showing his works at more than 19 exhibitions over three years.
D. Situation in the Former Czechoslovakia
The narrative of the Cold War that depicts Western Europe as wealthy, free, and progressive, on the one hand, and the Eastern Europe as impoverished, totalitarian, and backward is too schematic to reflect the situation of computer art in former Czechoslovakia.
8 Despite the intolerance of the Soviet-aligned communist regimes toward modern art, and the scarcity of access to computers for artists, computer art was produced in Czechoslovakia as early as the 1960s. Table 1 ). Contributions from this symposium were published in the first issue of Bit International, which included studies by Max Bense and Abraham A. Moles. 10 The foreword referred to the overlap between science and art, and technology and society. Theories of information, exact esthetics, design, communication, mass media, and visual and related objects were the focus of the authors' studies. The publications did not mention the economic and political differences between the East and the West. Moreover, these international symposia, exhibitions, and journal publications placed Zagreb at the center of global developments in computer art, understood as an extension of constructive, conceptual, concrete, and kinetic art movements. Information about exact esthetics, especially with regard to its manifestations in the experimental poetry of that period, was mediated by Bohumila Grögerová and Karel Hiršal, who were in contact with Bense.
11 They influenced Jiří Valoch, an author and theorist of experimental poetry, and apparently drew Bense's attention to the work of Czech painter Zdeněk Sýkora. Sýkora, who switched from landscape painting to working with rasters and a combinatorial play with the basic elements of visual language, is considered the world's first artist to integrate the computer into the process of art production. 12 In 1964, in collaboration with the mathematician Jaroslav Blažek and with the use of an LGP-30 computer, he created the first constructivist paintings based on computer-generated formulas described in alphanumeric code. Sýkora then transferred the created patterns onto canvas or placed them in public spaces in the form of glass and ceramic mosaics. 
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Computer art in Czechoslovakia, as it developed between 1965 and 1971, was tolerated by the totalitarian regime for several reasons. There had been a loosening of political restrictions-at least, up until the 1968 occupation-but it was also a period when high hopes were invested in technological progress. Moreover, these art experiments usually took place outside of the government's art institutions and, therefore, out of the sight of state authorities.
II. C O M P U T E R G R A P H I C ( 1 9 6 8 )

A. Exhibition
The 
B. Authors of the Computer Graphics
In the catalog, Valoch introduced the creators of the computer graphics not as artists, but as program authors. At the same time, he emphasized the principal role of computers in executing the programs to create the exhibited works. The importance that Valoch attributed to the process of creating graphic works is also evident from his correspondence, 24 in which he encouraged exhibitors to describe their creative process for the catalog. Valoch emphasized that a computer graphic work is the result of the endeavors of a creative team consisting of "a human (programmer) + a machine (computer)" together with a plotter (drawing machine), which transposes the finished graphics or drawing from computer memory (punched tape or punched card) into a definitive visual form.
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Therefore, the following introduction of the exhibiting artists also refers to the names of the computers, plotters, and programs used, wherever it was possible to trace them. Valoch's education in philology and his experience as a creator of visual and concrete poetry enabled him to recognize the specific benefits of artistic techniques introduced by working with a computer. He did not understand computer graphics as images, but rather as the final stages of processes carried out by a computer. In his proposal for the exhibition, he had already written about computer graphics not as of a collection of works but as of a "series of variations."
27 Valoch was, therefore, aware that computer graphics do not exist as unique works, but rather as a family of graphical outputs that are the results of the work of a program. He tried to convey this aspect of computer art to the exhibition's visitors, who were confronted by the 36 works by Frieder Nake and the 27 works by Lubomír Sochor: that is, dozens of graphic works created by the processing of a single program. Valoch understood computer graphics as enriching a vast array of concrete art.
He described the works of Nake and Nees as "stochastic graphic works," since both authors used the computer to generate random numbers which were subsequently used to make calculations, or they created options from which the computer randomly selected the possible solutions, that is, the graphical representations.
III. C O M P U T E R G R A P H I C R E-V I S I T E D A. Data
The virtual reconstruction of the exhibition Computer Graphic that was curated by Jiří Valoch, titled Computer Graphic Re-Visited, was held at the 4th International Conference on the History and Philosophy of Computing (HaPoC 4) between October 3 and 6, 2017 at Masaryk University. 28 The installation was located in the entrance hall of Brno House of Arts, that is, the site of Valoch's exhibition in 1968. The virtual exhibition opened at 5 p.m. on October 5, 2017 and was attended by Valoch and Nake.
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The success of this virtual exhibition led to an agreement between the creators and the institution's management to put on an extended version in the spring of 2018, from 21 March to 22 April, almost exactly 50 years from the date of Valoch's original exhibition. For organizational reasons, this time the installation was not located in the entrance hall, but in Procházka Hall. In addition to technically improved virtual reality, this second version, Scanning Our Past entitled Computer Graphic Re-Visited 2.0, included the placing of exhibits in the gallery space, namely, computer graphics, computer music, and poetry generated by a computer of the period, and an animated flowchart depicting the process of creating Nake's graphic work, Walk Through Raster.
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Both of these research-curatorial projects were created by Jana Horáková and Jiří Mucha, initially conceived as the theme of a master's thesis, 31 but which gradually outgrew the parameters of the thesis and blossomed into a creative collaboration.
B. Entry Inputs and Project Parameters
Computer Graphic Re-Visited was conceived as an art history experiment in which we tried to effectively combine artworks with sources stored in the archives of the relevant institutions 32 with virtual reality technology. During the project, we discovered that the creation of a simulation of an exhibition requires much more research, with an eye for both detail and context, that is needed to write an article. The creative process led us to ask such questions as, What were the floor tiles in the exhibition hall like? What was the texture and color of the walls? What could a visitor see through the glass panels in the walls? These details may seem trivial from the perspective of art history, but they contributed to the visitor's experience, and significantly influenced impressions of the installation and exhibited works. In relation to the reconstruction of the exhibition, we asked three principal questions: What works were exhibited (artifacts), where was the exhibition held (venue), and how were the computer graphics displayed (installations)?
C. Artifacts
There is no surviving list of the exhibited works. We had only the handover protocol that was exchanged between Valoch and the galleries in Jihlava and Gottwaldov, stating the number of exhibited works by individual authors, but without their titles. Therefore, we had to identify the works using circumstantial evidence. Several works were used to illustrate the surviving catalog of the exhibition. We found photographs of two graphic works in the archive of the Brno House of Arts, other works we recognized in photographs from the Jihlava opening of the exhibition, and we found other titles in the personal correspondence between Valoch and the exhibiting authors. An important source of information was also e-mail communication with Charles Csuri and especially Frieder Nake.
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Nake kindly provided us with 22 high-quality scans of his works, including titles and exact dimensions. Michael Noll provided the titles of his exhibited works and gave his permission for the relevant museums to send us digital reproductions. The graphics by Georg Neese and Lubomír Sochor that were identified in the exhibition catalog and in the article by Valoch we digitized on a scanner. As we were unable to obtain the graphics by Mezei and Csuri in high resolution, they could not be included in the virtual exhibition.
Since not all of the works in Valoch's exhibition were available in the required quality, we decided to limit the scope of the reconstruction of the exhibition as a historically faithful fragment of the original. Four of the six artists were represented: Nees, Nake, Noll, and Sochor. Of the original 81 graphic works, 20 were exhibited. In order to maintain a reasonably proportionate number of works exhibited by the individual authors, we selected eleven graphic works by Nake, and three works apiece by Nees, Noll, and Sochor (see Table 2 ).
D. Venue
The discovery that Valoch's exhibition was held in the entrance hall of the Brno House of Arts led us to approach its archive for the architectural drawings of the hall and some photographs of the interior from that period. We were primarily interested in how the place was fit out, including floor tiles, the paint on the walls, window frames, type of lighting, and the areas around the building that were visible through the window panes. We obtained other information about the room dimensions, such as the height of windows and width of sills and ledges, with a laser distance meter.
E. Installation
There is no information available concerning the curatorial concept of the exhibition, nor are there text descriptions, drawings, or photographs of the first exhibition in Brno. However, in photographs of the Jihlava exhibition, we can see the graphic works positioned not only on the walls but also in glass display tables. The graphics were displayed without frames, between panes of glass, and sometimes on black paper, which accentuated the contrast and thus the distinctness of the artwork. Some of the Jihlava photographs capture the atmosphere of the exhibition opening, which was attended by Valoch, Nake, and his wife, Ursula Nake Geschke. We, therefore, decided to promote the vibrancy of the visitors' experience by putting into the virtual model seven photographs from that time, which show, for example, visitors viewing the graphics, a cluster of guests talking together, and Nake and Valoch conversing.
IV. V I R T U A L R E C O N S T R U C T I O N O F T H E E X H I B I T I O N C O M P U T E R G R A P H I C
For the virtual reconstruction of the exhibition, it was necessary to:
1) obtain the exhibited works in a high-quality digital format and modify them so they would fit into a 3-D model of the exhibition space; 34 A digital copy was obtained by scanning an illustration in the exhibition catalogue, which is preserved in the Brno House of Arts archive. 35 Ibid. 36 A digital copy of a photograph of a picture stored in the Brno House of Arts archive with the name of the author. 37 Los Angeles County Museum of Art. 38 Victoria & Albert Museum in London. 39 A digital copy was obtained by scanning an illustration in the exhibition catalogue, which is preserved in the Brno House of Arts archive. 40 Ibid. 41 Ibid.
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Table 2 List of Works Exhibited in the Virtual Reconstruction of the Exhibition Computer Graphic
2) create a 3-D model of the exhibition space and put the exhibited works into it; 3) export the 3-D model to a game engine and add interactive (game) elements; and 4) save the result on a computer and install it, together with the VR headsets and other hardware in the exhibition hall.
A. Digitization and Preparation of Computer Graphics
It was necessary to acquire the selected works in a digital format in a resolution of 600 dpi or convert them into this form. In the preparations to exhibit them in the 3-D model, it was necessary to unify the format and resolution and remove the blemishes that some works had picked up over time. For each of the images, a transparent background was created. Then, we focused them, balanced the contrast and brightness, and converted each image to a resolution that matched the original dimensions of the work. For this purpose, the Adobe Photoshop CC 2015 program was used.
42 The images were then exported to a TIFF format.
The modified computer graphics were inserted into modeled 70 cm × 70 cm, 3-D black frames.
43 The contrasting frame ensured that the images were defined clearly even after they had been placed in virtual reality and, at the same time, suited the format of the computer graphics, which essentially corresponded to the plotter parameters of that period. The works were also accompanied by captions listing the title, name of the author, and the year in which they were created. The selected photographs from the Jihlava exhibition opening were scanned in high resolution and treated the same way as the graphic works.
B. Creating a 3-D Model of the Exhibition Space
The model of the exhibition space was designed by the architect Josef Pospíšil using Autodesk 3ds Max.
44 First, he created the skeleton of the virtual model of the entrance hall. The next step was the preparation of the UV maps 43 In this case, we abandoned the effort to maintain the model's historical accuracy in favour of user-friendliness. 44 The version Autodesk 3ds Max 2018 that we worked with is made for Windows 7, 8, and 10. In March 2018, the latest version, 3ds MAX 2019, was released. to be used in the 3-D model. One set constituted the different textures used in the interior design (floor, walls, window frames, etc.). Another set consisted of lightmaps. The effect of light was calculated in advance, reducing the load on the computer running the VR model in the gallery. The 3ds Max model of the exhibition also needed components simulating areas around the House of Arts, which are visible from inside the hall through the plate glass windows. This required photos of Mahen Theatre, which is adjacent to the House of Arts, and the offices of Brno City Municipality, which can be seen through the glass entrance doors. Each of these buildings had to be photographed in parts that were fused to form one image. In postproduction, the pictures were modified further. The buildings, which were built at the end of the 19th century, are still well-preserved, but some elements in the pictures had to be removed; for example, modern cars, pedestrians wearing contemporary fashions, and traffic signs. The sky in the pictures was replaced with a transparent layer, so it could be subsequently overlaid with a springtime sky. Finally, these images were also saved in TIFF format, so that they could be later embedded in the 3-D model and supplemented with 3-D graphic elements, such as bushes, trees, grass, sky, and pavement. 
C. Transforming the 3-D Model Into a Virtual Reality Game Environment
The completed model of the exhibition hall and its surroundings was exported in parts, according to the type of material, and imported into a game engine environment, western wing of the hall and three pictures by Nees in the eastern wing. Three paintings by Noll were installed opposite the entrance door. Three paintings by Nake were located on the left of the sidewall of the entrance hall, and archive photographs from the exhibition opening in Jihlava were positioned on the right side. Once the pictures were installed, the prepared UV maps with the textures for each part of the model were exported into Unreal Engine. Daylight was substituted for by the appropriate set of lightmaps.
There are two ways of using Unreal Engine 4.16. One is to program in the language C++. The second, which we used, is through "blueprints" that allow for visual scripting by means of nodes. The nodes define object-oriented classes. Each of these nodes has its own name, function, input, and output. Nodes can be selected either by the category and name, or they can be inserted into a 3-D environment using a designated abbreviation. One cannot interconnect nodes of different types in this environment. Unreal Engine 4.16 contains several predefined templates which make it much easier to work with the software. For example, the user can choose a template that defines the view of the first person, as in our case, and thus avoid protracted coding. For each of the templates, a level is also created in which can be found the basic models of the objects such as cubes, blocks, and so on. The template for the third person also includes a figure that has predefined movement and animation.
In the virtual simulation of Computer Graphic, we used the basic function of gaming software, movement modeled from the perspective of the first person, thereby allowing the visitors to the VR exhibition to move around the room and view works from near or far, and from different angles. The rendering of the completed project used graphic cards and took over 70 h to process. The final file was saved in executable format as an .exe file.
D. Installation and Hardware
The first installation of the virtual exhibition Computer Graphic Re-Visited was situated in the center of the entrance hall of Brno House of Arts, where four evenly positioned columns mark out a space of 3 m × 3 m. In the middle, there was a white locker for hiding the computer, resembling a pedestal for a statue, on which rested a VR headset 46 and a control. The visitor, or immersant, was able to move around the VR exhibition by means of a hardware interface created by the headset, linked 46 We used the HTC Vive VR headset developed by HTC and Valve Corporation in 2017 because of the high quality of image it provides, the refresh rate, and 360-degree viewing capability. Compatibility with Unreal Engine 4 gaming software and the 4.6 × 4.6-metre space for movement also played a role. to the computer and motion detectors (lighthouse transmitters), using the mouse. Other visitors to the exhibition were able to follow the immersant's movements in virtual reality as they were projected on the opposite wall.
To carry out the project, we used an HTC Vive VR headset that uses "room scale tracking" technology, which provides interactive movement in 3-D. The headset is equipped with 70 sensors that enable 360-degree viewing in real time. The headset is equipped with two 1080 × 1200 pixel OLED displays, which together create a picture of 2160 × 1200 pixel resolution with an aspect ratio of 9:5. Its 90-Hz refresh rate and 110-degree field of view prevent dizziness. In addition, the headset is equipped with a camera that can detect objects and prevent the immersant from colliding with them.
The functionality of the VR headset was achieved by interfacing it with the lighthouse transmitters attached to the columns in the center of the hall. This made it possible to track the exact position of the immersant's head, and, thus, his or her view. With this data, the image that the immersant was looking at was updated in real time. The turning and tilting of the headset determined the direction of movement and the view of the immersant. The mouse was used primarily to speed up and make safer movements over longer distances. Nevertheless, the immersant could also move in the virtual exhibition just by moving her or his body.
To ensure the smooth operation of the simulation, a powerful computer was needed. We used a six-core (12 virtual cores) Intel Core i7 processor with a GeForce GTX 1080 graphics card.
V. N E X T S T E P S
In the second showing of the virtual exhibition, Computer Graphic Re-Visited 2.0, Valoch's exhibition was once again the main focus of the project, which, for this occasion, underwent some minor modifications aimed at improving the user experience. For moving in the space over longer distances, the mouse was replaced with an HTC controller, which had two system buttons at the top, a trackpad, two side buttons, and an analog trigger at the back. Thanks to the vibrations, the controller can also provide a tactile sensation. The render quality was improved, with a better light calculation, and any errors in the mapped space for motion were corrected.
In addition to the pedestal concealing the computer, the VR headsets, the controller, and wall projection, black frames were hung on the hall's side walls in groups of three facing each other, each of which was reserved for one of the works of the exhibiting artists. The mattes in the frames masked the edges of LCD screens, on which the graphic works were displayed and changed at irregular intervals. The change was accompanied by a glitch effect, evoking the emancipation of the programmed objects, while referring to the "processuality" of the digital image. The exhibited works were accompanied by a projection of an animated flowchart of Nake's graphic work Walk Through Raster on the wall of the gallery, indicating the processes taking place in the computer when generating the computer graphics on show. In a side room, an exhibit of computer-generated poetry was animated in the form of a text projected gradually onto the wall of the gallery, as if in real time. Although Valoch's exhibition in Jihlava apparently featured the generated poetry of the German computer linguist Gerhard Stickel, since the vast majority of visitors to the exhibition were Czech, we opted for the computer-generated poetry of Brno linguist Jiří Levý and his colleague, Karel Pala, which was created around the same time. The installation also included some computergenerated music by Max V. Matthews and Ben Deutschman, which was played at the Jihlava opening and which visitors could listen to through headphones. In exhibiting computer graphics, music, and poetry, we invoked the atmosphere of the original exhibition opening of Computer Graphic and, at the same time, tried to draw attention to the interconnectedness of digital works, whereby computer-generated images, poetry, and music share the same creative principle, programming algorithms, and bits of materiality. 
VI. C O N C L U S I O N
Virtual reality is usually utilized to evoke a sense of traveling in space, serving as a tool for removing oneself to another distant or fantastical place. In this project, we used a virtual simulation to evoke the sense of moving in time. Visitors of the virtual exhibition found themselves in a room where Computer Graphic was held 50 years ago, and after donning the headset, it was if they had been transported to this extraordinary moment in the past.
The arrangement of the exhibition may be seen as a superimposition of its physical and virtual spaces, best described by the term mise en abyme. 47 In this case, the virtual simulation was placed within the physical space. This principle was also used in the second installation, used in the virtual reality. Thus, there was a physically installed exhibition, a fragment of which could be viewed by visitors after putting on the virtual reality headset. This fragment was, however, a preview of a physical exhibition. VR technology served us as a tool for mediating the acquisition of knowledge from the history of computer art. We are convinced that a VR model is able to evoke an individual and complex experience for visitors of an exhibition. It can also serve as an effective tool for scientists involved in research into the so-called "sensory turn"
A B O U T T H E A U T H O R S
48 in the field of art history. At the same time, we perceive our project as a contribution to the development of digital humanities. We have shown that the use of digital technologies in the humanities has the potential to join together the collection of historical facts with the creative interpretation of them. We may then envisage the dawn of a new hybrid discipline, one which Ada Lovelace would have called "poetical science." He started working as a freelance artist during his studies. Currently, he is the Director of Redlooks company specialized in commercial and music videos.
